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Barbara DISORT Radiative Transfer model) was used to expand instantaneous DARFs to 24h 21
averages. 22
This new methodology was applied to assess the DARF both at high temporal resolution and 23 over a large area in Amazonia. The spatial distribution shows that the mean 24h-DARF can 24 be as high as -30 W/m 2 over some regions. The temporal variability of the 24h-DARF along 25 the biomass burning season was also studied and showed large intraseasonal and interannual 26 variability. We showed that our methodology considerably reduces statistical sources of 27 uncertainties in the estimate of the DARF, when compared to previous approaches. DARF 28 burning aerosols can be transported over great distances away from their sources (Andreae et  23 al., 2001, Longo et al., 2009 ), depending on the prevalent dynamics in the studied area. Due 24 to their short lifetime and to the dynamics of transport of these particles, aerosols present 25 highly inhomogeneous spatial and temporal distributions. With that in mind, we developed a 26 methodology for calculating the smoke DARF in Amazonia with higher spatial and temporal 27 resolution than previous assessments (0.5ºx0.5º degrees and 1 day, respectively) using 28 satellite remote sensing. As opposed to previous studies, that consider the total effect of 29 aerosols (both from background and polluted conditions) on the radiative budget, this study 30 focused on assessing the anthropogenic DARF only. This can also be regarded as an 31 improvement over previous methodologies, since aerosol-free conditions cannot be observed 32 in the atmosphere. 33 4
The main goals of this work were: 1 i) to introduce a new methodology to assess the daily direct radiative forcing of biomass 2 burning aerosols over a large scale of Amazonia using satellite remote sensing 3 (Section 2); 4 ii) to analyse the intraseasonal and interannual variability of the daily average DARF as 5 well as its mean daily spatial distribution pattern over Amazonia (Sections 3.1 and 6
3.2); 7
iii) to validate the calculated DARF obtained by applying this new methodology with 8 ground-based sensors, as well as radiative transfer DARF calculations (Section 4). 9 We also believe that this methodology could be easily applied to study the DARF24h in other 10 regions of the world, impacted by biomass burning or even urban pollution. 11 12
Data and methods 13
In this work, combined CERES shortwave TOA flux and MODIS aerosol optical depth 14 (AOD) at 550 nm were used to assess the direct radiative forcing of biomass burning aerosols 15 over the Amazon Basin for cloud-free conditions. These both instruments are aboard NASA's 16
Terra and Aqua satellites. 17 CERES sensors are passive scanning radiometers that measure the upward radiance in three 18 broadband channels: i) between 0.3 to 5.0 µm, to measure the shortwave radiation reflected in 19 the solar spectrum; ii) between 8 and 12 µm, to measure the thermal radiation emitted by the 20 Earth in the atmospheric window spectral region, and iii) between 0.3 and 200 µm to measure 21 the total radiation spectrum emerging at the TOA (Wielicki et al., 1996) . Radiance 22 measurements are converted into broadband radiative fluxes through the use of angular 23 distribution models (ADMs) (Loeb et al., 2005) . resolution lower than 99.9% were removed. To limit distortions we removed from our 12 analysis pixels that presented view and solar zenith angles greater than 60°. The DARF was 13 calculated with a 0.5° x 0.5° latitude/longitude spatial resolution, according to the 14 methodology described in the next section. 15
Evaluation of the daily direct RF of biomass burning aerosols 16
The direct radiative forcing of aerosols (DARF) can be defined as the difference between the 17 upward radiation flux at the TOA measured in background (F cl ) and polluted (F pol ) conditions 18 the difference between the DARF evaluated using both, CERES ADMs and their new 5 empirical ADMs (Patadia and Christopher, 2014 The daily DARF variations from one day to another, shown in this figure, are mainly due to 27 changes at the MODIS imaged area, that varies according to the satellite track. Due to its 28 polar orbiting track, every day the scanned area slightly changes, finally repeating itself after 29 about 16 days. Depending on Terra track, for some cases MODIS does n't not cover areas 30 heavily impacted by smoke aerosols, and the mean 24h-DARF could be underestimated. 31
Cloud cover can also change significantly in short periods of time (2-3 days), and this can 32 strongly impact daily DARF retrievals. Furthermore, Tthe daily DARF variation is also 1 influenced by changes in fire sources location and, transport and cloud coverage along the 2 biomass burning season. This was another important improvement of the methodology proposed in this work over the 7 previously used methodology. 8
It is also important to emphasize that both methodologies are applied only in cloud-free 9 conditions. MODIS Level 3 cloud fraction retrievals indicate that during the study period 10 (August to September) the cloud fraction over Amazonia is on average about 47%, during sunphotometers. To compare the results, the instantaneous DARF, obtained by both CERES-1 MODIS and AERONET, were expanded to 24-h average DARF using the methodology 2 described in Sena et al., 2013 . A comparison between the 24h-DARF at the TOA obtained 3 using AERONET and CERES-MODIS is shown in Figure 6 . 4
By applying a linear fit to the data points of Figure 6 , we see that the 24h-DARF derived from 5 CERES-MODIS relates with the 24h-DARF reported by AERONET through the following 6 equation: 7
According to this equation, the agreement between CERES-MODIS and AERONET 24h-9 DARF is acceptable within the standard deviations of the fitted parameters. This is a 10 remarkable result, since the 24h-DARF retrievals, showed in Figure 6 , were obtained by 11 applying completely different methodologies, and using different instruments. AERONET 12 sunphotometers are at the surface and CERES-MODIS instruments are at 705 km aboard 13
Terra satellite both looking at the atmospheric column. Besides that, as explained above, the 14 instantaneous observations that were used to calculate the 24h-DARF, compared in our 15 analysis, were performed at different hours of the day. All those differences contribute to the 16 dispersion of about 5 W/m² around the adjusted line. The uncertainties involved in the surface 17
and aerosol optical models used in GAME's radiative transfer code to calculate AERONET's 18 DARF can also contribute to this dispersion. These results indicate a high agreement between 19 the 24h-DARF obtained by these two independent procedures. 20
Intercomparison between CERES-MODIS and SBDART Instantaneous 21

DARF 22
It is also important to intercompare satellite remote sensing retrievals with ground based 23 measurements. In order to properly do that, we compare CERES-MODIS data at the TOA 24 The new methodology introduced in this work provided a large scale assessment of the direct 28 radiative forcing of biomass burning aerosols over the Amazonia at higher temporal 29 resolution than previous studies. It also showed an advantage over previous approaches for 30 evaluating the DARF using satellite remote sensing, because it considerably reduces the 31 statistical noise in the estimates of the DARF, resulting in a better correlation between DARF 32 and AOD, compared to previous assessments. This new methodology could also be applied to 1 assess the DARF in other places of the world under urban or biomass burning aerosol 2 influences, if suitable and robust aerosol optical parameters are available. 3 4
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